The Decadal View of the Mid-Atlantic Bight from the COOLroom: Is Our Coastal System Changing?
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This article has been published in Oceanography, Volume 21, Number 4, a quarterly journal of The Oceanography Society. Copyright 2008 by The Oceanography Society. All rights reserved. Permission is granted to copy this article for use in teaching and research. republication, systemmatic reproduction, or collective redistirbution of any portion of this article by photocopy machine, reposting, or other means is permitted only with the approval of The Oceanography Society. Send all correspondence to: info@tos.org or Th e Oceanography Society, PO Box 1931 , rockville, MD 20849-1931 ABStr ACt. Spatial ocean-observing technologies are permitting researchers to collect data for sustained periods on broad continental shelves. Key technologies used are satellites, high-frequency (HF) radar, and autonomous underwater gliders, which together have allowed study of Mid-Atlantic Bight (MAB) dynamics for the past decade. MAB stratification is the dominant feature regulating annual phytoplankton productivity. Stratification begins in the spring, and by early summer forms one of the world's sharpest thermoclines (temperatures range from ~ 30° to 8°C in just a few meters). Strong stratification deprives the euphotic zone of nutrients until it erodes later in the year. Therefore, it is not surprising that during late autumn and winter, when stratification has eroded, the largest and most recurrent MAB phytoplankton blooms are observed. These fall/winter blooms occur on the inner shelf; the offshore extent of the phytoplankton appears to be limited by light. Comparison of data from the 1970s and 1980s to the last decade suggests phytoplankton bloom size on the MAB has changed, with the magnitude of the fall and winter blooms declining. Declines in the fall are consistent with the hypothesis that erosion of MAB stratification is occurring later in the season. Declines in winter appear to be associated with an increase in winter winds that enhance winter mixing, which in turn increases the light limitation of the phytoplankton. The increase in winter winds occurred during transition to a positive phase of the Atlantic Multidecadal Oscillation. Our experience emphasizes the importance of spatial time series for studying broad continental shelves.
INtrODUCtION
The coastal ocean reflects a combination of local, regional, and global processes, many of which are impacted by human activity. Currently, close to 1.2 billion of the world's people (23% of the human population) live within 100 m of sea level and 150 km from the coasts (Small and Nicholls, 2003; Small and Cohen, 2004;  Figure 1). These coastal communities are disproportionately important to their national economies (NOAA, 1998) , and their significance will increase (Vitousek et al., 1997) , given current projections that human populations will continue to migrate there (Boesch et al., 2000; Small and Nicholls, 2003) . Built infrastructure, pollution, and other pressures associated with large human populations will even more severely impact local coastal ecosystems. Thus, it will be increasingly important to improve coastal management to ensure sustainability of oceanrelated economic activity (Boesch et al., 2000) . Despite these increasing pressures, current coastal ocean sampling strategies are not sufficient to document, much less manage, human-induced changes, especially when such changes are difficult to discern because they are embedded in long-term secular and cyclical trends in the ocean system. Many of the most densely populated coastal regions on Earth are found on western continental boundaries, which tend to be characterized by broad continental shelves that experience large seasonal cycles (Figure 1 ). The inner shelves are often river dominated. They are also recycling shelves characterized by tides, wind-driven flows, and elemental cycling dynamics that are often biologically mediated with long exchange times (greater than a month) (Chen et al., 2003) . These regions are extremely productive, and shelf ecology is strongly coupled to shelf seasonality. Climate change is likely to alter the seasonal dynamics of these systems and thus has significant ecological implica- we highlight a decade's worth of data collected using our continental shelf observatory (Glenn et al., 1998; Schofield et al., 2002) . Based on this experience, we believe observatory approaches will offer the community the ability to study continental shelves in a sustained manner, which is critically important because many continental shelves are exhibiting significant changes now, in our lifetimes.
MAB hyDrOgr APhy AND CIrCULAtION
We established a cross-shore time series using Webb Slocum gliders in the fall of 2003 (Schofield et al., 2007; Figure 2 The glider-derived buoyancy frequency confirmed that the water column was vertically homogeneous early in the year.
The region close to the coast became stratified first (April/May), soon after the Oscar Schofield (oscar@marine.rutgers.edu shelf for almost a decade. We used this data set to derive surface-current climatologies (Gong et al., in review) . 
PhytOPLANKtON BIOMASS ON thE MAB
The major physical feature regulating overall annual primary productivity of the MAB is the seasonal stratification of the shelf. Phytoplankton biomass on the MAB is low after the shelf has stratified and nutrients are depleted in the euphotic zone (Figure 2 ). Only the nearshore productivity remains high throughout the summer months due to recurrent coastal summer upwelling ). The EOf consisted of the decomposition of the SeawifS and CZCS time-series data set collected for the MAB. two major EOf modes were identified, associated with the winter and spring/fall blooms. The dotted green line is based on the data collected with the SeawifS system, and the solid green line is the decomposition for the CZCS data. Black lines are the mean photosynthetically active radiation (PAr; black line in the upper panel, mw cm -2 µm -1 ), and sea surface temperature (black line in the lower panel, °C). The right-hand panels show the spatial modes of the chlorophyll EOfs measured for Seawifs. for the spatial maps, the EOfs are expressed as a percentage of the local variance explained by each mode, and the panels show the percentage of the local variance explained by each mode (winter and spring) of the chlorophyll EOf decomposition. There was not a large difference in the spatial maps between the Seawifs and CZCS satellite data. Table 1 ). The annual change in the MAB chlorophyll concentration is close to -14%. This figure is significant given that the fall/winter blooms account for close to 63% of the annual chlorophyll and also represent the most recurrent blooms on the MAB (Ryan et al., 1999; Yoder et al., 2002; Xu et al., in review) . Declines in chlorophyll during the fall appear to be distributed over the entire shelf, which implies that any of the underlying processes driving the changes must operate over the entire There is an urgent need for this research, as communities will be increasingly impacted by local ocean changes, and oceanographers will be asked to provide insight and guidance toward managing the changing coastal ocean.
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